Abstract-Aced0
An eco-epidemiological study was carried out in the region of the Alpujarras (southern Spain, Granada province). Nine villages were chosen at random in 5 bioclimatic zones. A study of leishmaniasis in the canine and human populations, was carried out concentrating especially upon schoolchildren. A total of 615 dogs were screened, which represents almost 100% of the canine census. Of the screened dogs, 33 showed an antibody titer 3 l/160 when tested by IFA (seroprevalence of 5.3%). Age, sex, activity, and clinical symptoms of each dog were taken into account. Among the human population, infection from Leishmunia was studied using the Leishmanin skin test (LST). Of 1286 people who were tested, 568 (44.16%) were positive. Most of the subjects were schoolchildren (878; practically 100% of the pupils), of whom 288 (32.8%) tested positive. A close relation was seen to exist between the percentage of positive LST's and age. Finally, a close relationship was also observed between canine seroprevalence
and percentage of schoolchildren who tested positive in the LST, in the 5 bioclimatic zones under consideration.
INTRODUCTION
Both visceral and cutaneous leishmaniasis have been recognised in Spain since the beginning of this century, when the first canine and human cases were found in the northwestern, central, and southern regions of the country (Pittaluga, Garcia Diestro & Viii, 1912; FernLndez Martinez & Camacho Alexandre, 1913) . Since then, both the Mediterranean and central regions of Spain have been considered endemic areas for the disease.
A large number of authors have subsequently studied the biology of the vector, and the prevalence tTo whom correspondence should be addressed.
of the disease in dogs. The high canine prevalence averaging l&15% (Reyes Magaiia et al., 1988; Nieto et al., 1992; Fisa et al., 1992) , reaching 25% in some instances (Martinez Cruz et al., 1990; Morillas Mirques et al., 1992) , is not correlated with the human percentage of infection. Indeed, although since 1982 human leishmaniasis has been a disease of mandatory national declaration, only around 100 cases have been reported per year (B.E.S., 1982-1992) . This is probably an underestimate of the actual number of cases (Reyes Magafia et al., 1989) . In addition, the high degree of infection of the vector, Phlebotomus perniciosus (Morillas MBrquez et al., 1992) , together with its proven anthropophilic 303 304 C. Acedo SBnchez et al.
characteristics, (Rioux et al., 1982; Leger et al., 1991; Martinez Ortega et al., 1991) , makes us doubt the validity of the existing data on the animal reservoir and the incidence of human cases. This paper searches for an answer by studying, in the Alpujarra region, canine seroprevalence and human infection with Leishmania. Alpujarra has been considered an endemic region for leishmaniasis since the first cases were discovered in 1913, and from 1982 to 1986, there was a cutaneous leishmaniasis incidence of 13.59 x lo-' cases per person per year (Alcalde Alonso et al., 1989) .
MATERIALS & METHODS Geographical
area (see Fig. 1 given permission and the people were informed through public lectures about the reasons for and procedures of our study in order to obtain their approval and collaboration.
The study focused primarily upon school children.
Every pupil was given a letter in which the object of our study was explained, together with a request for signed authorization from their parents. Very few children did not return this authorization, which means that the test was performed on practically all of the school children. Some parents asked for the test to be performed on their younger children as well (&3 years). Likewise, all the adults who requested it underwent the test. As a result, the population was split into 2 groups: school children aged 4 14 years with a significant representation of each age subgroup.
Adults were relatively few, so were analysed in IO-year age groups.
Leishmanin according to bioclimatic zone. It also shows the absolute and relative frequencies for each Ab titer. The highest CaL seroprevalence was found in the meso-Mediterranean zone (15.4%) and the lowest in the lower supra-Mediterranean zone (0%). The 3 remaining zones show a similar seroprevalence (around 3%). The observed frequencies, analysed by x2 (to reach a value for P = O.OOOO), indicate that canine leishmaniasis seropositivity is not randomly distributed in the bioclimatic zones studied.
Injuence of the dog's sex, age, and activity in CaL
The seroprevalence of females (19/317, 6%) and males (18/308,5.8%) is practically the same; the value of P is 0.29 (>O.OS) showing that CaL is independent of the animal's sex. The highest CaL seroprevalence is found in dogs aged 34 years (9.7%) followed by dogs aged 5-6 years (7%); the lowest prevalence is found in dogs aged under 1 year (1.3%). In this last group, no dog under 5 months shows an Ab > 160; P = 0.036 indicating that a relationship exists between CaL and the animal's age.
Outdoor dogs have a higher seroprevalence (29/ 349, 8.3%) than home pets (7/253, 2.8%) P= 0.0001 (<0.05).
CiinicaI signs and lymph node puncture clinical sign compatible with CaL; this proportion increases when Ab = 40-80, up to 48.6% in dogs with Aba 160. The same occurs with lymph node puncture: in dogs whose only clinical sign was an enlarged popliteal lymph node, no dog gave a positive culture out of 9 with Ab = 0 or 20; 2/l (28.6%) with Ab = 40 were positive, l/3 (33.3%) with Ab= 80, and 6/8 (75%) with Aba 160.
Human leishmaniasis: general results, and bioclimatic variations in LST The LST was carried out on 1286 individuals, and 44% were positive. This varied between 11% in toddlers, and 76% in adults (Table 3 ). There were no significant differences in relation to the sex of those studied: 74.5% in women, and 18.2% in men (P>O.S). The influence of climatic variations was only examined in children (Ck14 years: toddler and school children groups). The highest was found on the meso-Mediterranean bioclimatic zone (45.7%), followed, in decreasing order, by the upper supraMediterranean (35%) lower thermo-Mediterranean (30%); upper thermo-Mediterranean (29%) and lower supra-Mediterranean (the lowest, with 24%). The X2 value giving P = 0.0000, indicated that LST positivity is non-randomly distributed in relation to bioclimatic zone.
The influence of age on LST Fig. 2 shows the regression of the percentage of positive LST (y) against age (t). In school children this proportion varied between 10% (4 years) and 45% (14 years 
DISCUSSION
Several authors, as in this case, hive used a cut-off titer in IFA of 160 to define the prevalence of CaL. Lanotte et al., (1978) , in Cevennes, France obtained values between 0.23 and 3.10%; Abranches ef al., (1983) , in Lisbon (Portugal), report 9.6%; Jambou et al., (1986) , report 3.24% and 17.12% in 2 different areas of the Maritime Alps (France); Morillas Marques et al., (1992) report 15% in Almeria (Spain). Using the same technique and the same cut-off titer, Reyes Magafia et al., (1988) determined a prevalence rate, in the Alpujarra region (mesoMediterranean bioclimatic zone), of 12%, a value close to our value of 15%. The proportion of dogs with antibody titers below the cut-off titer (20,40, 80) was 42%. Since ours is an endemic area, this percentage could be caused be several factors: initial stages of the disease or latent forms of the disease (Tesouro er al., 1992; Fisa et al., 1992) ; infected dogs that do not develop a normal humoral response (Fisa et al., 1992) ; non-specific cross-reactions (Tesouro et aI., 1992). The latter seems not to be the cause of such a high percentage of borderline titers, since in nonendemic areas this percentage is considerably lower: Fisa et a/., (1992), in Menorca (considered to be a non-endemic area), finds an average of l-2% of dogs with those titers. The development of cellular immunity in dogs (Cabral et aI., 1992; Pinelli et al., 1994) may be the origin of latent forms of disease. The high proportion of dogs with Ab> 160 that are asymptomatic may be because they are at an initial stage of the disease (Abranches et al., 1991) but their epidemiological importance is greater because they can infect the vector (Molina et al., 1994) .
Significant differences in prevalence exist in relation to age. The highest point is reached between 3 and 4 years (9.7%) and these results agree with authors such as Pozio et al., (1981); Martinez Cruz et al., (1990) ; Abranches et al., (1991) and Nieto et al., (1992) . Taking into account the dog's activity, significant differences are also observed. The lowest prevalence is found in the home pet group (2.8%). These dogs probably spend most of the time indoors, where concentrations of sandflies are clearly lower compared to places where dogs classified as the outdoor group are usually found. The outdoor group shows a prevalence of 8.3%. Other authors, such as Dye ef al., (1992), have also found such differences, and observe a force of infection 3 times higher in 'working' dogs, as they call them, compared to pet dogs. The LST has been widely used in epidemiological surveys to determine the infection of a human host by Leishmania. In Spain, however, a survey of this kind had never been carried out. All authors, including ourselves, consider the reaction positive, if the induration is equal to or greater than 5 mm (W.H. O., 1984, 1990) . Compared with results from other western Mediterranean countries, the positive proportion of 44.2% in our study, is one of the highest, after that obtained by Dedet & Addadi (1977) in Algeria (76.9%) and Rioux et al. (1986) 
Similar values were found in Emilia Romagna (Italy) by Pampiglione et al. (1975) . Lower values were found by Bettini et al. (1983) in Tuscany (Italy) (15%); Rioux et al. (1986) in the Eastern Pyranees (southern France); and Marty et al. (1992) in L'Abadie (southeast France).
It does not seem very probable that, with the cutoff titer used in our study, cross-reactions with diseases such as leprosy and tuberculosis may occur, as proved by authors such as Pampiglione et al. (1976) and Dedet et al. (1979) . It is also unlikely that cross-reactions would occur with Trypanosomatidae species of reptile parasites such as Sauroleishmania, as observed by authors such as Manson-Bahr & Heisch (1961) , Southgate (1967) and Fuller, Lemma & Haile (1980) , since in western Mediterranean Europe, the vector of Sauroleishmania tarentolae is Sergentomia minuta (Parrot, 1935) which seldom bites humans (Rioux et al., 1982; Leger et al., 1991; Martinez Ortega et al., 1991) . Rioux et al. (19X6) , proposes the possibility that Phlebotomus sergenti could intervene in transmission; however this species only represents 308 C. Acedo Sanchez et al.
5% of the sandflies captured in our study area (Morillas Marquez et al., 1983) and has not been found infected with Leishmania in southern Spain (Morillas Marquez et al., 1992) .
Age is a decisive factor in relation to the percentage of positive skin tests, as already proved in previous studies (Pampiglione et al., 1975; Bettini et al., 1983; Rioux et al., 1986; Marty et al., 1992; Ashford et al., 1993) . The notion that the percentage of positive skin tests increases with age can be explained by the fact that, in the majority of cases, the cellular immune response, as a result of parasite infection, is life long (Weigle et al., 1991) and, consequently, the number of skin-test-positive individuals increases with age. Finally, when we compare climatic variations in relation to CaL seroprevalence and the proportion of positive LST we find a clear interdependence.
It seems logical that where there is a higher seroprevalence in the reservoir, the contact between parasites and humans is greater. Trevelez, the only village located in the upper supra-Mediterranean bioclimatic substage, at 1500 m above sea level, is a special case in our study. A proportion of positive skin tests of 35%, and a sero-prevalence of canine leishmaniasis of 3.8% were found. We are unable to find an explanation for the fact that, in this bioclimatic subzone, levels of canine leishmaniasis prevalence and the proportion of positive skin tests observed were higher than those in other bioclimatic zones, which are, supposedly, more favourable to the vector's development. Notwithstanding, this fact underlines the close relation that exists between CaL and skin-test-positivity in our study area and provides more data to support the idea that LST positivity in our study area is due to Leishmania infection. 
